Nitrate reductase activity in excised embryos of Agrostemma githago increases in response to both NO3-and cytokinins. We asked the question whether cytokinins affected nitrate reductase activity directly or through NO3-, either by amplifying the effect of low endogenous NO3-levels, or by making NO3-available for induction from a metabolically inactive compartment. Nitrate reductase activity was enhanced on the average by 50% after 1 hour of benzyladenine treatment. In some experiments, the cytokinin response was detectable as early as 30 minutes after addition of benzyladenine. Nitrate reductase activity increased linearly for 4 hours and began to decay 13 hours after start of the hormone treatment. When embryos were incubated in solutions containing mixtures of N03-and benzyladenine, additive responses were obtained. The effects of NO3-and benzyladenine were counteracted by abscisic acid. The increase in nitrate reductase activity was inhibited at lower abscisic acid concentrations in embryos which were induced with NO3-, as compared to embryos treated with benzyladenine. Casein hydrolysate inhibited the development of nitrate reductase activity. The response to NO:-was more susceptible to inhibition by casein hydrolysate than the response to the hormone. When NO3-and benzyladenine were withdrawn from the medium after maximal enhancement of nitrate reductase activity, the level of the enzyme decreased rapidly. Nitrate reductase activity increasd again as a result of a second treatment with benzyladenine but not with NO3-. At the time of the second exposure to benzyladenine, no NO3-was detectable in extracts of Agrostemma embryos. This is taken as evidence that cytokinins enhance nitrate reductase activity directly and not through induction by NO3-.
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Borriss (1) (11) showed that NO:-induced de novo synthesis of nitrate reductase in cultured tobacco cells. Since it is likely that NO3-acts similarly in other plant systems, we feel justified to use the term "induction" of nitrate reductase by NO3-. Since the mechanism by which cytokinins affect nitrate reductase is unknown, the term "enhancement of nitrate reductase activity" by benzyladenine will be employed throughout this paper. temma githago, while GA and IAA had no such effect. In tobacco leaves, GA and a combination of GA and a cytokinin increased the activity of nitrate reductase (8) and replaced the light requirement for its induction (6) . In neither case was it investigated whether the two plant hormones affected nitrate reductase directly, or whether the hormone acted through substrate induction, either by amplifying the inductive effect of low endogenous NO3-levels or by making NO3-available for induction from a metabolically inactive compartment of the cell. Evidence for the existence of two separate NO3-pools in plants was given by Heimer and Filner (5 (3) . Three or four embryos were transferred to one 25-ml Erlen-meyer flask which was kept on ice and contained 2 ml of 0.1 M phosphate buffer, pH 7.5, 20 mm KNO., and 1% (v/v) propanol. The flasks were de-aerated by bubbling nitrogen through the medium for 1 min. They were tightly stoppered, and the assay was started by placing the flasks onto a shaker (90 oscillation/min) at 30 C in the dark. After 30 min, the assay was terminated by boiling the incubation medium for 10 sec. Under anaerobic conditions NO3-is reduced to NO2-in vivo, but further reduction is inhibited and NO2-is released into the medium (3). In preliminary experiments, we verified that these observations also held for A. githago. The NO2-concentration was determined by adding 0.3 ml each of 1% sulfanilamide in 3 N HC1 and 0.02% N-1-naphthylethylenediamine dichloride to 0.5 ml aliquots of the assay medium and measuring the absorbance of the resulting reaction mixture at 540 nm. We confirmed the validity of our results obtained with the in vivo assay by determining nitrate reductase activity in NO;-and BA-treated embryos using a NADH-dependent, cell-free assay (4) . The levels of the enzyme found with the in vivo assay were in the same range as those reported by Borriss (1) , who employed an in vitro, NADH-dependent assay for nitrate reductase.
NO3-Determination. NO;-was extracted from embryos of A. githago by either freezing, thawing and boiling the tissue in distilled water, or by homogenization in a tissue grinder. Both methods gave identical results. The NO;-level was determined according to Lowe and Hamilton (7) as modified by Wray and Filner (10) .
RESULTS

Dose
Response. BA enhanced the activity of nitrate reductase significantly at a concentration of 10 nm (Fig. 1 ). Above 10 uiM BA the response was reduced. The shape of the dose response curve did not change with the duration of the incubation period. By contrast, the response to NO;-depended very much on the length of the induction time. Figure 2 gives the levels of nitrate reductase as a function of varying substrate concentrations after 5.5 and 16 hr of induction. When NO;-was present for 5.5 hr, there was relatively little difference in the levels of nitrate reductase at substrate concentrations ranging from 20 to 80 mm. After 16 hr, however, there was a pronounced optimum at 50 mM NO3-. Since the two dose response curves were obtained on 2 different days, one can only compare the shape of the curves and not their absolute magnitude; the latter varied slightly from experiment to experiment. In most experiments, 3 tum BA or 50 mm NO3-were used to enhance nitrate reductase activity.
Additive Effect of NO3 and BA. When embryos were incubated in mixtures of NO-and BA for 3 hr, an additive effect of these two substances on the enhancement of nitrate reductase activity was observed (Table I) . This was true when BA (3 ,M) was included with NO3-concentrations which were suboptimal (50 mM) and optimal (80 mM) at 3 hr of incubation.
Time Course. Figure 3 shows the level of nitrate reductase in embryos incubated with NO;-or BA for up to 24 hr. In this particular experiment, enhancement of nitrate reductase activity was evident 30 min after transferring the embryos to a medium containing BA. Such a fast response was observed in two out of seven experiments. In six out of seven experiments there was significant enhancement of nitrate reductase activity after 1 hr of BA treatment. The average increase of enzyme activity after 1 hr amounted to 51 % over controls at the corresponding time. Nitrate reductase activity increased linearly for 4 hr in the presence of BA at which time the response had reached 90% of its maximal level.
With NO;-, the initial time course of induction was very phosphate buffer, pH 7.5, without NO3-or propanol. Both flasks were de-aerated with nitrogen for 5 min and stoppered with serum vial caps. The flasks were kept on a shaker at 30 C, and 0.2-ml fractions were removed at 30 min intervals for NO,-determination. In similar experiments performed by Ferrari et al., NO2-production leveled off when the NO-in the metabolically active pool was exhausted. NO2-production resumed when either NO,-or an alcohol was added to the medium while the tissue was kept under anaerobic conditions. Addition of NO,-appeared to replenish the metabolically active NO,-pool, whereas alcohol presumably caused leakage of endogenous, sequestered NO,-into the cellular compartment where it was reduced.
The results with A. githago were very similar to those of Ferrari et al. Nitrate reduction resumed when propanol was added to the embryos after initial depletion of the metabolically active NO,-pool (Fig. 4) 
